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Abst rac t - -Wi th  attention focused on the behavior of a system having human beings as constituent 
elements, we studied the dynamics of the system in terms of the process of its self-organization. A 
mathematic model describing a system which involves human beings is composed of three vari- 
ables, i.e., interaction, cohesion, and quantity of organizational ctivity, and is represented by a 
self-organizing model in a specific formula, which is expressed by a nonlinear differential equation 
as shown in this paper. The process of self-organization that indicates changes in system status 
is analyzed using the Lyapunov spectrum through an attractor. In other words, by observing the 
dynamics of the self-organizing model based on nonlinear deterministic theory, we have clarified the 
chaotic, complex behavior demonstrated bythe process of self-organization. 
Keywords--Self-organizing model, Nonlinear differential equation, Chaos, Attractor, Lyapunov 
spectrum. 
1. INTRODUCTION 
Studies on identifying and analyzing systems based on the theory of self-organization have been 
actively ~pursued in the fields of engineering and technology [1-3]. The term self-organization 
refers to creating a new functional structure out of the uniform behavior of individual functions 
of a set according to a specific purpose. That is, it refers to relationships generated by the 
interaction of elements constituting the set. The functional structure has autonomy, which enables 
the control function to be more adaptive to a purpose. Self-organization can be generally classified 
into three systems, i.e., physical system, biological (information) system, and social system. In a 
social system, as in a physical system, self-organization is defined as system behavior in the form 
of a nonlinear interaction in a space of uniformity. 
In interpreting the behavior of a system consisting of human beings as constituent elements, the 
paper describes the dynamics of system status as the self-organizing process of the system. The 
self-organizing process is identified as a self-organizing model expressed by a nonlinear differential 
equation using chaotic characteristics shown by nonlinear phenomena. 
Section 2 on the formulation of self-organizing models discusses identifying a nonlinear model 
for the assumed ynamics of an organization involving human beings. Here, the level of self- 
organization is determined with reference to the volume modulus rate in a phase space. In 
Section 3, the Lyapunov spectrum is applied as a basis on which the existence of the chaotic 
characteristics of a nonlinear model may be determined. Section 4 presents the results of simu- 
lations, and finally, Section 5 gives the conclusions drawn by us. 
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2. FORMULATION OF  SELF-ORGANIZ ING MODEL 
There have been many successful theoretical researches that take an organizational structure as 
a system and formulate it [4-6]. Generally, organizations have a linear formula, and are assumed 
to converge at a specific state (of equilibrium). We, however, assume that an organization, 
as a system involving human beings, should have a certain nonlinearity in its structure. An 
organization can exist if its model is stable or has asymptotic stability (stable over a broad 
range), and can be analyzed because it is self-organized. The self-organizing model formulated 
by us in this paper can express complex organizational behavior for the first time. 
2.1. Assumpt ions  on the  Dynamics  of  Sel f -Organiz ing Mode l  
Considering assumptions on the dynamics of organizations made by Simon, Festinger and 
Homans, three variables, i.e., interaction xl(t), cohesion x2(t), and activity x3(t), are used as 
state variables that constitute the self-organizing model. It is assumed, however, that the state of 
an organization at a desired time can be estimated using the above variables [xl (t), x2(t), x3(t)]. 
The variables refer to the behavior of two or more persons, so their values represent the average 
or total level of human members of an organization. Inputs to raise interaction, cohesion, and 
activity are expressed as ul (t), u2(t), and u3 (t), respectively. The dynamics of the self-organizing 
model based on these three variables is formulated by a lumped-parameter system, which is 
expressed by a nonlinear differential equation. 
Then, the dynamics of the self-organizing model are assumed as follows [5]. 
1. The level of interaction at time t changes depending on the difference between the level 
of cohesion and an input that tends to increase interaction and on the difference between 
activity and an input that tends to increase interaction. 
2. The variation of cohesion at time t increases depending on the levels of interaction and 
cohesion and inputs for cohesion. 
3. The variation of activity at time t increases or decreases depending on the levels of inter- 
action and activity at that time, and on the nonlinear elationship of activity inputs. An 
activity is generated when an interaction and activity are generated simultaneously, and 
when the level of activity is lower than the input required to achieve the target. Interaction 
and activity have a nonlinear elationship, i.e., a multiplied effect. 
2.2. Formulat ion  of  Sel f -Organiz ing Mode l  
If the degree of attainment of an organizational structure is given by equation (1) in terms of 
the level of self-organization, the self-organizing model can be formulated by the following state 
equations based on the assumption of its dynamics: 
s = f(xl(t) ,  x2(t), ~3(t), t), 
Xl = a2 (O~Ul(t) -- x2( t ) )  -}- a3 ( f~Ul( t )  -- x3( t ) )  
---- - -a2x2(~ ) -- a3x3(~: ) -}- u i (]~), 
x2 = blzl(t) + b2x2(t) + u2(t), 
~3 = c lx l  (t) - c3x3(t)  + c~3x~(t )z3( t )  + u3(t). 
(i) 
(2) 
(3) 
(4) 
Originally, the coefficient parameters and inputs of the organizing model were determined by 
two factors, i.e., the way in which the constituent members are managed and the structure of the 
organization. It is assumed in this paper that the coefficient parameters depend on the behavior 
of the model. In other words, if the model is stable or asymptotic stability, it can be analyzed 
because it is self-organized. This means the self-organizing model formulated by us, as discussed 
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in this paper, can represent complex organizational behavior with a nonlinear expression for 
the first time, and this permits concentration on an analysis of the complex behavior of the 
model. Based on decisions made by the Lyapunov spectrum, we have clarified the fact that the 
self-organizing model discussed in the paper shows nonlinear phenomena, particularly chaotic 
phenomena, with a certain coefficient parameter. 
2.3. Level of Self-Organizing Mode l  
As mentioned above, the degree of attainment of an organizational structure can be described as 
the level of self-organization by function s = f(x(t), t). It is understood in this paper that, if the 
model is stable or has asymptotic stability, an organization can exist and that it is self-organized. 
It follows, therefore, that the level of self-organization may be regarded as corresponding to the 
shape of the attractor. While correlation dimensions, information dimensions, and entropy, for 
example, are possible functions used to express the level of self-organization, we made observations 
using the volume modulus rate V/V in a phase space to simplify the discussion in the paper as 
follows: 
= v /v ,  
OX 1 (t) OX 2 (t) OX 3 (t) 
- + + ox3(t--  
(5) 
The volume modulus rate V/V, which directly corresponds to changes in the attractor shape, 
can be used as one of the functions expressing the level of self-organization. 
3. CHAOTIC  ATTRACTOR OF  NONLINEAR MODEL 
The Lyapunov spectrum is one means of determining whether or not chaos exists in the self- 
organizing model on the basis of the variation of each variable as the time goes [7]. The Lya- 
punov spectrum can be obtained by averaging over time the ratio magnifying the distance of 
each n-number of proximate trajectories that are assumed to orthogonally intersect he refer- 
ence trajectory. Specifically, it can be obtained by first assuming a set of unit vectors d (~) (0), 
(i = 1, 2 , . . . ,  n) orthogonally intersecting in the n-dimensional phase space, as the initial value of 
a proximate trajectory at the k th computation, then repeatedly computing the ratio of magnifi- 
cation for the vectors  d(ki)(y), (i ~- 1, 2, . . . ,  n) that have developed over time by T, and averaging 
their time series data. That is to say, the n-dimensional Lyapunov exponent is defined as follows: 
rn N-1  
Z Ap . 1 = log 
p=l k=l 
II d~l)(T) A.. .  A d~m)(T) II
II d(1)(O) A.. .  A d (m)(O) I1' 
(6) 
where A denotes an exterior product and the symbol II I[, a vector norm, d (0 (0) is the adjusted 
length after the Gram-Schmidt orthogonalization f every iteration. And then Ap is the asymp- 
totic quantity and is also known as a one-dimensional exponent. The set of n numbers Ap is called 
the Lyapunov spectrum and Ap have been ordered as in A1 > A2 > ... _> ),~. The Gram-Schmidt 
orthogonalization can be expressed by the following equations if the vector that has grown largest 
among the proximate trajectories developed over time by T: 
d '(1) (r) = d (1) (v), (7) 
i--1 
(J) 
j= l  
(0 II d(O(O) II d,(O(T). I] - - - )  il 
(8) 
(9) 
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The Lyapunov spectrum, given by equation (6), represents the degree of expansion of the 
attractor. If Ap has a positive value, the attractor exponentially expands in the direction p 
at the rate of  exp(Ap). If one of the Lyapunov exponents takes a positive value, for example, 
the attractor expands in the positive component direction, while not expanding or contracting 
in other directions. If the attractor has the property of expanding even in one direction and 
remains in a finite space, there exists the property of generating chaos of expansion and folding. 
That is to say, the degree of this expansion indicates the Lyapunov spectrum so that chaos will 
be generated if any one of the Lyapunov exponents has a component taking a positive value. 
4. S IMULAT ION RESULTS 
The results of numerical simulations conducted to determine the coefficient parameters of a 
nonlinear model on the basis of dynamic assumptions are shown in this section. Chaotic attractors 
arising from the asymptotic stability of a system could be obtained from the following examples 
of coefficients [8]. 
CASE 1. a2 ---- 1.0, a3 ---- 0.1, bl -- 0.5, b2 -- 0.43, 
cl = 0.4, c3 = 1.0, c13 = 0.43. 
CASE 2. a2 : 1.0, a3 = 0.1, bl = 0.5, b2 = 0.53, 
cl = 0.4, c3 = 1.0, c13 = 0.53. 
Cases 1 and 2 differ from each other only in the coefficient parameters of the nonlinear term 
of the third equation, and are essentially the same in terms of organizational structure. The 
following constant is input to raise their respective state variables: 
u(t )  = [0.1, 1.0, 01. 
If these models are calculated using the initial value x0 -- [0.1,0.1,0.1], graphs such as those 
shown in Figures 1-4 can be obtained. Figure 1 shows the attractor for the variables xl(t), x2(t), 
x3(t) of the self-organizing model, related to the parameters of Case 1. Here, we ought to find 
the generation of the chaotic attractor in order that we may identify the coefficient parameters 
of the self-organizing model with an adequate accuracy. Figure 2 is a graphic representation of
the time series of activity x3(t). Figures 3 and 4 are also graphic representations of the attractor 
for the model of Case 2 and of the time series of activity x3(t). The calculation results for the 
Lyapunov spectrum are shown in Table 1. Time t is contracted to make the graphs easier to 
read. 
As is clear from Figures 1 and 3, the self-organizing model is shown as a distorted attractor. 
This distortion arises from the nonlinear term of the state equation for the self-organizing model, 
that is, c13 Xl(t)X3(t) in equation (4) of Section 2.2. The Lyapunov spectrum shown in Table 1 
has the signs (+, 0 , - ) ,  indicating that these parameters involve chaos. 
These two cases are now observed for differences in the organizing model that arise from the 
different parameters. 
If the levels of self-organization i Cases 1 and 2 are sl and s2, respectively, they may be 
calculated as follows: 
Sl = 0.23 - 1 ÷ 0.43x1(t) -- -1.296469, 
s2 = 0.23 - 1 + 0.53x1(t) -- -1.466515. 
These two cases were originally the same model in terms of phase, and therefore basically are 
the same model. When they are viewed in terms of an organizing model, however, changes in 
state quantity due to the difference in parameter c13 may be interpreted as changes in the level 
of self-organization. 
A simple comparison of the averages of activity x3 (t) indicates that Case 1 has the higher level 
of organization activity. 
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Figure 1. Attractor (Case 1). 
Figure 2. Time series x3(t) (Case 1). 
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Figure 3. Attractor (Case 2). 
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Figure 4. Time series x3($) (Case 2). 
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Table 1. Lyapunov spectrum for the constant input. 
Models A1 A2 A3 
Case 1 0.033468 -0.000371 -1.330618 
Case 2 0.054367 0.000474 -1.521264 
Table 2. Mean value xi for the constant input. 
Models 
Case 1 
Case 2 
Xl X2 ~3 
-1.223840 -1.690758 17.920088 
-1.489694 -1.314181 15.896719 
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5. CONCLUSIONS 
Considering that an organization is a structure composed of human beings as its constituent 
elements, and, therefore, involves nonlinearity in its activity, an organization system was formu- 
lated as a self-organizing model using nonlinear differential equations consisting of three variables: 
interaction, cohesion, and activity. Proposing a self-organizing model to represent an organiza- 
tion characteristics with multiplied effects taken into account, we have clarified from its behavior 
that the level of self-organization f the model changes with changes in the coefficient parameters 
or their input. 
It was also shown by means of the Lyapunov spectrum that the proposed self-organizing model 
might have chaotic characteristics depending on the case. 
It was found that the model might show nonlinear chaotic phenomena, or strange attractors, 
in some cases, subject o adjustment of its coefficient parameters. 
By observing the behavior of the model in terms of the self-organization process, we found 
from the above results that the self-organizing model of an organization would become stable in 
terms of its chaotic dynamics, or a complex state of itself, depending on the case. 
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